
in thS^nited states patent and trademark office 



I hereby certify that the attached document is being deposited with the United States 
Postal Service with sufficient postage for First Class Mail in an envelope addressed to 
Director of the United States Patent and Trademark Office, P.O. Box 1450,, 
Alexandria, VA 22313-1450 or is being facsimile transmitted on the date indicated 
below: 



CERTIFICATE OF MAILING OR TRANSMISSION UNDER 37 CFR 1.8 



FENG CHEN 



Serial No. 10/661,019 (TI-35765) 



i 



Filed: September 12, 2003 



Jav M. Cantor, Ree. No. 19,906 



For: SIGMA-DELTA MODULATOR WITH PASSIVE BANDPASS LOOP FILTER 



Art Unit 2819 



Examiner Peguy JeanPierre 



Customer No. 23494 



DECLARATION UNDER 37 C.F.R. 1.131 



Director of the United States 

Patent and Trademark Office 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

TAVA/f n a xrrr^D a^^^ ~~ *v.n 

THAT he has reviewed the patent submission of Feng Chen to the Texas Instruments Patent 
Department, a copy of which is attached hereto.. 

THAT on information and belief, the invention disclosed and claimed in the subject patent 
application is contained in the attached patent submission in a manner ready for patenting under the 
requirements as set forth in the Supreme Court decision in Pfaff v. Wells Electronics, 525 U.S. 55, 
119 S. Ct. 304, 142 L. Ed. 2d 261, 48 U.S.P.Q. 2d 1641. 

THAT the attached patent submission was received in the Texas Instruments Patent 
Department prior to May 1, 2003. 



TI-35765-1 



I declare under penalty of perjury that the above statements are true based upon information 
and belief. 

Respectfully submitted, 




Texas Instruments Incorporated Jay M. Cantor 

P.O. Box 655474, M/S 3999 Attorney for Applicant 

Dallas, TX 75265 Registration No. 19906 

(301) 424-0355 
(972) 917-5293 



TI-35765-2 



JJ 

*********** r^ft f . ^ *f » ^T^* * * J *y^" tio ** Dis =losure Form } J— 0>O / KX^ 

DOCKET NO. TI / //O/J 

* IP ELECTRONICALLY TRANSMITTED. PROCESSING OF YOUR DISCLOSURP * K.(f IK/ 
I ^ T M COMPLETED WITHOUT A FOLLOW-uf TOPY SSSeS ^ * 
^^DAT^BY^ALL^ INVENTORS AND AT LEAST ONE WITNESS 

1. Please suggest a descriptive title for your invention: 

2. This invention supports which TI priorities: (check all that apply) 

! X ! fiZZfJiF^Jl t *& C Products <MSt-P) QC) Wireless { ) DLP 

Application Specific Products (ASP) ( ) Sensors & Controls 
( ) Education * Productivity Solutions ( , Fab/Processes Sake) 

MSLP: 

! I SiSta?\Sio/viae^AV, ^ { J "f? (MSP) > 

( ) Standard Linear * Logic { SLL ) £fi£aL S^T* (DSBU ' Q- 

( ) Storage Products (SPG) ( } Mllitar y Products ^ 

ASP: O 
( ) DSP ( ) imaging and Audio { ) astc i i o 111 

( ) Broadband Communications { } Sun Buslness _J 

Wireless : 

(W Chipset ( ) OMAP ( ) System Architecture (A)Mixed Signal/RF 3 
( ) Emerging Markets ( ) Assembly/Test/Packaging ( ) Other: > 

3. What is the problem solved by your invention? 

4. What is your solution to the problem? 
SSl^e? y D^eT 0lttJ:i9n " irSt ^T^ tu ^y «■ mentally 



5. 



6. What is the first tangible evidence of such completion' 
Date: . / ,* 

7. What are the advantages of your solution? AfOfe" 

L&0 ptto/vr-flnJ^ L^li y%oh\*w\ RECEIVED^ 

PATENT DEPT 



8. 



10. what is the date of the first implementation? .. 

11. What record exists to prove this date? 

Is there any future implementation planned? ly/fa/A/ 
If so. please furnish the TI PART No. or projec^a^eT 

document) . was there a nondisclosure Sr4e£n? ttffiPSJw _ 



12. 



13. 



14. 



15. 



JShlioi^ f^ dU S fc incorporatin 9 th e invention been 
Publx cly Produced, ^oted, s g or shipped? ( v/ N ,_4^ 



Was the invention conceived or first implemented in 
^g^cSt^rr "^ subtrac t? 

: 3SSS St^^EE2^^* ; "^^* : 

* SUBSIDIARY (SPECIFyTT INSTRUMENTS INCORPORATED OR A TI * 

Has this disclosure been previously sent to the Patent 
Department electronically (unsigned)? (Y/N)^£2^. 

(Printed) Inventor 1: Ffr/v/^ CH6aJ 

Home Address: »s><? c*/*A HibLi0tov6- RECEIVED 

City. State, Zip. and County eMail-. 
Employee ♦: TI Division & Cost Center ^il-J^T PATENT DEPT 

Phone #: <f-ffp-?/^(7 Cellular #: ( ) 

Country of Citizenship: 

' Si ^ ed ) ^ Date: , 

Mail Station 

(Printed) Inventor 2: 




City, State, Zip, and County eMail r 

Employee #: TI Division & Cost Center - 

Phone #: ( ) _ Cellular #: { j 

Country of Citizenship: 

(Signed) 



Date: 



Mail Station 



(Printed) Inventor 3: 
Home Address : 



City, State, Zip, and County eMail: 

Employee #: TI Division t Cost Center _ 

Phone #: ( ) Cellular #: ( ) 

Country of Citizenship: 

(Signed) 



Date: 



Mail Station 



(Printed) Inventor 4: 
Home Address: 



City, State, Zip, and County eMail : 

Employee #: m TI Division & Cost Center - 

Cellular #= ( ) 



Phone #: ( ) 



Country of Citizenship: 
(Signed) 



Date: 



***************** 
* Witnesses : * 



Mail Station 



This invention di*closux;e with any attachments was read and 
understood by me on ' 




RECEIVED 



Witness 1: 



Date 



This invention disclosure with any attachments was read and PATENT DFPT 
understood by me on / / „ u m I 



Witness 2: 



Date 



RECEIVED 



A Passive Bandpass Sigma Delta Modulator datcmt ^rnr 
Feng Chen PATENT UEPT 



Bandpass sigma delta modulators(SDMs) can be 
used to digitize a narrowband IF signal. Li this 
disclosure, a passive bandpass sigma delta modu- 
lator is proposed and it is suitable for operation 
at high sampling rate and low voltage low power. 
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Fig.1: Prior art of bandpass sigma delta modulators 
Prior Art 

In prior art, bandpass sigma delta modulator is 
active and usually consists of operational ampli- 
fier(opamp)-based resonators in the loop filter or 
LC based. High power consumption and limited 
performance are the major limitations for the 
active approach. 
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Flgp2: A passive bandpass sigma delta modulator 
Proposed Architecture 

The key idea here is to replace the active band- 
pass loop filter with a passive bandpass loop fil- 
ter, such as N-path filter as shown in Fig. 2. 
which is the simplest implementation of passive 
bandpass filter. It can be expected that signifi- 
cant amount of power will be saved because no 
opamps are used. Even though placing N low- 
pass filter in parallel also generate a bandpass 
response, using highpass filter will results in 
more efficient hardware. As shown in the figure, 
each path contains a highpass filter which has a 



transfer function of a/i+(i-<r)*- 1 , (i=l,..,N). 
With a total number of N highpass filter placed 
in parallel, the final path filter has an overall 
transfer function of a/l +(i -d)z' N with its pass- 
bands centered around Fs + UIN, where i=0,..„ 
Due to die large loop gain intrinsic to any sigma 
delta loop, the mismatch of the loop filter will be 
suppressed by the loop gain. 

SHaring the sample/hold(S/H) circuit among all 
paths will further reduce mismatch error along 
the path because it is difficult to match the S/H 
circuit in gain and phase at a high speed sam- 
pling rate with a high frequency IF input. How- 
ever, with the high speed switching capabifity 
offered in deep submicron process, we can 
design a high speed a S/H circuit for sharing and 
convert the tones due to path mismatch to an 
overall gain or phase error. Therefore, special 
attention has to be paid to the S/H. Similarly, 
one single comparator is shared among all paths 
to remove gain and phase and offset error 
induced tones. Then a high speed comparator is 
needed. 
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F5g-3: A SC implementation of a 4th-order passive SDM 

Fig. 3 shows an example of two-path fourth- 
order passive bandpass sigma delta modulator 
implemented in fully differential switched capac- 
itor circuit With the number of paths equal to 2, 
the IF input frequency is limited to be around 
Fs*U4. A shared sampling capacitor c*, is 
switched at Fs. The internal switched capacitor 
circuit is controlled with either an even-indexed 
clock or an odd-indexed clock for the realization 
of a highpass switched capacitor filter. Then the 
two highpass filters are interleaved with control 
clock either labelled as I or Q to realize a trans- 
formation from highpass response to bandpass 



response. Here the example given is only for 
fourth order implementation. However, higher 
order implementation can be done in a similar 
arrangement. 

A variation of the scheme is that a mixing stage 
can be placed directly in front of the modulator 
to replace the input sampling cap, even though 
the same cap is still needed for the feedback 
DAC. In this way, the mixing stage has to supply 
a current-mode IF input to the modulator, instead 
of a voltage. 




F1&4: A 4th-oider passive SDM with a built-in mixing stage 
Simulation Results 

A behavioral simulation is performed to verify 
the performance of the design example in two- 
path SC implementation. The circuit is designed 
to run at a clock rate of I04MHz and have an IF 
input at 26MHz. Fig. 5 shows the output spec- 
truin of the foith-order passive bandpass sigma 
delta modulator. With a oversampling ratio of 
256 and an equivalent bandwidth of 200KHz, a 
SNR of 80dB is achieved. A close-up plot of the 
inband spectrum is also shown. 

Conclusions 

A passive bandpass sigma delta modulator based 
on N-path high filter has been described. The key 
advantages of this architecture is (a) high sam- 
pling rate and high resolution, (b) low power 
because no power hungry opamps and (c) sup- 
pressed images with shared sample/hold and 
comparator. This architecture is suitable for the 
implementation in deep submicron process. 




FigSz Output spectrum of passive bandpass SDM 
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